Purpose. To identify lateral lymph node (LN) characteristics predictive of outcome in papillary thyroid cancer patients with clinically evident nodal disease. Methods. A total of 438 patients with lateral neck metastases from papillary thyroid cancer were identified from an institutional database of 3,664 differentiated thyroid cancers. The number of positive LNs, size of the largest LN, number of positive LNs to total number of LNs removed (LN burden), and presence of extranodal spread (ENS) were recorded. Cutoffs for continuous variables were determined by receiver operating characteristic curves. LN variables predictive of recurrence free survival and disease-specific survival (DSS) were identified by the Kaplan-Meier method and the Cox proportional hazard model. Results. The median age was 41 years (range 5-86 years). The median follow-up was 65 months (range 1-332 months). Fifty-nine patients developed disease recurrence; these were local in five, regional in 40, and distant in 30 patients. Conclusions. LN burden [17 % (1 positive LN in 6 LNs removed) in the lateral neck is predictive for recurrence in patients of all ages, whereas ENS is also prognostic for recurrence in older patients.
Previously published retrospective studies have suggested that regional lymph node (LN) metastases do not affect survival in patients with papillary thyroid cancer (PTC). [1] [2] [3] As such, prognostic scoring systems such as GAMES from our institution, as well as MACIS and AMES, based on multivariate analyses, did not find nodal disease to be a predictor of outcome. [1] [2] [3] However, more recent literature shows that nodal disease is important, particularly in patients over 45 years of age; this is now reflected in the American Joint Committee on Cancer (AJCC) staging system for thyroid cancer. 4 In patients aged C45 years, N1a status is considered stage III disease, and N1b status is considered stage IV disease. This staging system, however, considers only the location of the metastatic nodes and does not take into consideration other characteristics of the metastatic nodes. Several recent publications have suggested that increasing number, size, and ratio of positive LNs in the neck predicts poorer outcome in patients with PTC. [5] [6] [7] [8] [9] [10] The objective of this study was to define which lateral LN characteristics have prognostic significance in patients with clinical or radiologic evidence of metastatic LNs in the lateral neck.
surgically for PTC between 1986 and 2010 were identified from an institutional database. Of these, 438 patients had pathologic confirmation of palpable or radiologically demonstrated lateral neck metastases after a therapeutic neck dissection. Patients who were treated at an outside facility before referral, who did not have pN1b disease, who presented with distant metastasis, or who were discovered to have distant metastasis on postoperative radioactive iodine (RAI) scan (within 6 months) were excluded from analysis. Figure 1 demonstrates the inclusion cohort. Our institutional policy is not to perform prophylactic neck dissections. Therefore, these patients had macroscopic LNs either on clinical or radiologic examination.
Patient demographic information, surgical details, and histopathologic details, including number of positive lateral LNs, total number of LNs removed, size of largest LN, and presence of extranodal spread (ENS), were recorded. Details of postoperative use of RAI were recorded. Postoperative thyroid-stimulating hormone suppression was practiced according to recurrence risk for all patients.
Because this study spans patients with pathology reports between 1986 through 2010, the desired LN features were not reported in some patients from earlier years. Figure 1 shows the LN data available for analysis. Patients with one or more missing LN features were censored for the analysis of that LN variable.
Disease outcomes of interest were disease-specific survival (DSS) and recurrence-free survival (RFS). DSS was calculated using the date of last follow-up with a Memorial Sloan Kettering Cancer Center physician from the thyroid cancer multidisciplinary team. Details of death were determined from the Social Security Death Index and hospital records. All patients who had evidence of structural disease at the time of last follow-up and died during follow-up were considered to have died of disease. Local and regional recurrences were determined by clinical examination supplemented with imaging and fine-needle aspiration. Distant recurrence was determined by imaging studies including ultrasound, RAI scan, computer tomography, and positron emission tomography scan. Confirmation of disease by cytology and histopathology were recorded when available. Before 2000, postoperative serum thyroglobulin was not routinely used to detect recurrence. Serum thyroglobulin measurements and serial ultrasounds have become standard practice at our institution since 2005, and they now influence the further investigation of patients in this cohort. The median follow-up for the cohort was 65 months (range 1-332 months). Outcomes data were therefore calculated at 5 years.
Statistical analysis was carried out by SPSS software, version 21 (IBM, Armonk, NY). To determine categorical cutoffs for LN size, number, and burden of metastatic LNs that were predictive of DSS and RFS, we used cutoff values previously reported in the literature as being significant. In addition, we also plotted receiver operating curves for number of positive LNs as well as LN burden (LN burden was defined as the percentage of positive LN out of total number LNs resected) from the lateral compartment. Values were chosen to maximize sensitivity and specificity for RFS and DSS. Survival outcomes were analyzed by the Kaplan-Meier method. Univariate analysis was carried out by the log rank test, and hazard ratios were calculated by the Cox proportional hazard model. A p value of \0.05 was considered significant. 
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RESULTS
The median age was 41 years (range 5-86 years). A total of 188 patients (43 %) were C45 years old at the time of diagnosis. Extent of lateral neck dissection was determined by a combination of surgeon preference and patient risk profile. Of the 438 patients, the majority of the cohort (71 %) underwent an ipsilateral comprehensive neck dissection including at least levels 2, 3, 4, and 5. Twenty percent of patients had an ipsilateral selective neck dissection of neck levels at highest risk of harboring disease, and a further 9 % received bilateral neck dissection. An average of 33 LNs were removed per patient.
The majority (79 %) of this cohort received adjuvant RAI therapy within 6 months of thyroidectomy surgery. The median dose received was 150 mCi (range 29-478 mCi). Fifty-nine patients (13.5 %) had recurrent disease; this was local in 5, regional in 40, and distant in 30 patients ( Supplementary Fig. 1 ). Receiver operating characteristic analysis showed that cutoffs that maximized sensitivity and specificity were number of positive nodes of [10 and a LN burden [17 %.
LN Characteristics Prognostic of DSS
A total of 15 patients died of disease. All but one patient was aged \45 years at the time of diagnosis. As such, predictors of DSS were limited to only patients C45 years of age. No LN characteristics-size, number, burden, or presence of ENS-were predictive of DSS (Supplementary Table 1 ).
LN Characteristics Predictive of RFS
Factors predictive of RFS in patients \45 years of age are shown in Table 1 (Fig. 2a, b) . Increasing LN size was associated with poorer RFS, but this was not statistically significant (5-year RFS 79.4 vs. 93.0 %, p = 0.20 for size [3 cm). LN ENS was not predictive of recurrence (Fig. 2c) . Using the Cox proportional hazard model, we found that patients with [10 positive nodes were 2.2 times more likely to experience recurrence. Patients with a LN burden [17 % were 4.8 times more likely to experience recurrence compared to patients with a B17 % LN burden (p \ 0.001). Table 2 shows factors predictive of recurrence in patients C45 years of age. Number of positive nodes [10 (5-year RFS 71.8 vs. 87.3 %, p = 0.02) and a LN burden [17 % (5-year RFS 77.7 vs. 90.5 %, p = 0.02) were also predictive of recurrence (Fig. 3a, b) . Patients with [10 positive nodes were 3.1 times more likely to experience recurrence (p = 0.03). Patients with a LN burden [17 % were 2.7 times more likely to experience recurrence compared to patients with \17 % LN burden (p = 0.02). Increasing LN size was not significant. In addition, the presence of ENS was also significant in the older patients (5-year RFS 79.5 vs. 93.0 % p = 0.03) (Fig. 3c) . Patients with ENS were 3.4 times more likely to experience recurrence compared to patients with no ENS (p = 0.04).
A total of 30 patients (6.8 %) developed distant metastases, 21 of whom were C45 years old at the time of initial diagnosis. Univariate predictors of distant recurrence were 
DISCUSSION
Metastatic disease in the lateral compartment LNs of the neck in patients with PTC is known to be predictive of poorer outcomes, particularly in older PTC patients, and as such, it is recognized by the current edition of the AJCC staging manual. 4, 11 Recent data suggest that in addition to LN location, LN characteristics such as maximal size, number, ratio, and ENS are also prognostic. [5] [6] [7] [8] [9] [10] Age at diagnosis is uniquely critical in the staging of differentiated thyroid cancer, and in this series of 438 PTC patients with lateral neck disease, we report LN characteristics that are predictive of outcome in two age cohorts of patients, those \45 years old and those C45 years old. In both age groups, both number of positive LNs [10 and LN burden [17 % (which equated to 1 positive node per 6 removed) were predictive for recurrence. In addition, the presence of ENS was predictive of recurrence in patients C45 years old. Size of LNs did not appear to be predictive in our cohort of patients.
Many studies have reported the size of the metastatic lateral neck LN to be prognostic in PTC. Studies have suggested that LN metastases [3 cm are associated with poorer prognosis. 9, 12 In a study of LN characteristics by Ito et al., N1b patients with metastatic nodes [3 cm were found to have a significantly poorer RFS compared to N1a patients. 12 In a study of both central and lateral LNs by Sugitani et al., it was found that LN metastases [3 cm were predictive of DSS in patients aged C50 years but not in patients aged \50 years at the time of diagnosis. 9 These results suggest that the size of lateral neck LN is likely to be prognostic in PTC, particularly in older patients. In the present study, no discrete size cutoff was statistically associated with poorer prognosis in either age cohort. However, the data suggest that larger LN metastases are 12 Moreno et al. similarly focused on the lateral neck LNs features and observed that the number of abnormal neck compartments on ultrasound, as an indirect marker of the number of positive LNs, correlated with the risk of regional recurrence. 13 In our own cohort, receiver operating characteristic analysis suggested that 10 positive nodes was the cutoff that maximized sensitivity and specificity. Indeed, [10 nodes was predictive of recurrence. Interestingly, the previously reported cutoffs of [5 positive nodes was not prognostic in our series.
LN burden is defined as the number of metastatic LNs divided by the total number of LNs resected, expressed as a percentage. Because LN burden is the percentage of positive to total LNs resected, the two are closely correlated. However, LN burden additionally takes into consideration the extent of surgical resection as well as the extent and aggressiveness of disease. LN burden has been found to be a significant predictor of outcome in other cancers, including oral and cutaneous squamous cell carcinoma of the head and neck. [14] [15] [16] [17] [18] [19] Within the thyroid cancer literature, the prognostic impact of lateral LN burden has not been well explored. Several publications have previously investigated the significance of LN burden in the central compartment alone and within the central and lateral compartments combined. Beal et al. analyzed data from the Surveillance, Epidemiology, and End Results database to identify 9,926 patients with primary, well-differentiated, M0 thyroid cancer. 20 Increasing LN burden was associated with decreased survival on multivariate analysis in all primary thyroidectomy patients. Others have observed central compartment LN burden to be predictive of postoperative thyroglobulin levels as well as recurrence. 5, 6 Our study specifically focuses on the prognostic significance of lateral compartment LN characteristics. Our data show that younger patients with LN burden [17 % were 4.8 times (p \ 0.001) and older patients 2.7 times (p \ 0.02) more likely to develop disease recurrence.
With regard to ENS, we have noted that ENS was the LN characteristic most prognostic of nodal recurrence within the central neck compartment. 21 In the current study on lateral neck LN metastases, we observed that ENS is predictive of RFS specifically in patients C45 years of age. ENS was similarly distributed between the older (41.3 %) and younger (39.4 %) cohorts (p = 0.755). However, in older patients, the presence of lateral nodal ENS was associated with higher T4 disease (p \ 0.001) as well as ATA high-risk category (p \ 0.001) (data not shown). Lee et al. similarly found ENS to be associated with large tumor size. 22 Others have reported similar findings; Ito et al. concluded that the presence of lateral compartment ENS was independently prognostic of DSS in patients aged C55 years. 12 ENS is a known indicator of aggressive tumor biology in other head and neck cancers. 23, 24 Its importance in relation to older age is a unique finding and requires further research.
Some limitations of this study warrant discussion. This is a retrospectively conducted study and therefore susceptible to limitations associated with such studies. First, our institutional policy is to perform lateral neck dissection only for patients with clinical or radiologic evidence of neck disease. This cohort therefore does not include subclinical disease. However, it can be argued that it is the higher-risk, clinically evident N1b patients who are of most relevance. Second, the extent of lateral neck dissection is surgeon dependent, and the identification of LN characteristics is pathologist dependent. Both of these physician factors may bias the reported LN characteristics. Last, only 224 (51.1 %) of our patients had all LN features available on histopathology for data collection and analysis. This could limit our analysis. To ensure there was no selection bias by excluding patients without all characteristics, we compared the clinical and tumor characteristics of patients with variables reported and those without. For LN size, number, and ENS, we found no significant differences in terms of age, T stage, adjuvant therapy, or duration of follow-up between groups with these variables reported and not reported (data not shown). Nevertheless, it would be desirable to have complete data on all these LN variables on all patients. As such, future studies with larger sample size and complete synoptic reporting are required to validate our findings.
In summary, our data suggest that the presence of LN burden [17 % is predictive for overall recurrence and development of distant metastases in both patient age cohorts, \45 and C45 years of age. In patients C45 years, the presence of ENS is also predictive of recurrence.
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